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ABSTRACT-To  investigate  regulatory  mechanisms  of  proopiomelanocortin (POMC) gene  expression  in

sockeye  salmon,  we  have  isolated and  characterized  cDNAs  encoding  two  types  of  sockeye  salmon  POMC,
which  are  referred  to as  ssPOMC-A  and  

-B,
 Two types of PCR  products were  amplified  from total RNA  of

sockeye  salmon  pituitaries by use  of rainbow  trout sequences.  Full length cDNA  clones  encoding  ssPOMC-

A  and  ssPOMC-B  were  obtained  from a pituita ry cDNA  libra ry of sockeye  salmon  using  the PCR  products as

probes. The  ssPOMC-A  and  -B cDNAs  have a  length of 1072  and  1709  bps, respectively.  Northern blot

analysis  showed  that both ssPOMC-A  and  
-B

 mRNAs  were  expressed  only  in the pituitary, and  their sizes

were  about  1.2 kb and  i,8 kb, respectively.  The  presence of  two ssPOMC  genes was  confirmed  by Southern
blot analysis  of genomic DNA  obtained  from a  single sockeye  salmon.  The  deduced  amino  acid  sequences

of  the  ssPOMC-A  and  -B contained  230  and  226  residues,  respectively. The  amino  teFminal  of  S-endorphin
in ssPOMC-B  which  corresponds  to Met-enkephalin domain is YSGFM,  which  is different from YGGFM  of

Met-enkephalin found in many  other  vertebrate  species.  The  homology  of nucleotide  sequences  between

ssPOMC-A  and  -B is 59%  in the entire  coding  region, whereas  a-MSH  coding  regions  are highly homologous

(91%). Although the deduced amino  acid  sequences  of ssPOMCs  show  43%  overall similarity, their hyd ropathy

profiles are  coincident  with  those of several  other  vertebrate  species,  particularly the amino  terminal  of  N-

terminal peptide (NPP) shows  almost  the same  pattern with  other  vertebrate  NPPs.

INTRODUCTION

  Proopiomelanocortin  {POMC) is the precur$or for a
number  of  biologically active  peptides such  as

adrenocorticotropin  (ACTH), a-melanophore-stimulating

hormone  (a-MSH) and  B-endorphin. The complete  amino  acid

sequences  of  POMC,  which  were  deduced  from the nucleotide

sequences  ot  cDNA,  were  reported  in several  mammals

{Nakanishi et at., 1979; Drouin and  Goodman,  1980; Uhler

and  Herbert, 1982; Keightley et aL,  199D,  amphibians

{Martens et  al. , 1 985; Hilario et aL, 1 990) and  fishes (Kitahara
et aL  1 988: Salbert et at., 1 992), lt is well known, in mammals,

that stressful  stimuli  increased the levels of plasma ACTH  and

pituitary POMC  mRNA  (Aguilera, 1994). In teleost fish, the

plasma ACTH  levels were  similarly increased  by stressful

stimuli (Sumpter et aL, 1986;  Balm  and  Pottinger, 1995),

however, the level of  POMC  gene expression  was  not  analyzed

in the  previous studies.

  Juveniles of  many  salmonid  species  migrate  to the ocean

or the lake where  they spend  several  years, and  return their

'
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natal  river  to spawn.  The  juveniles must  adapt  to novel

environmental  circumstances.  As  reported  in mammals,  the

adaptation  to novel  environments  should  be stresstul forthe

fish, lt is thus  important to investigate the changes  in

expression  of  POMC  gene  and  its regulatory  mechanisms  in

salmonids.

  Because  ot tetraproidy {Ohno et  aL,  1968), saimonid

fishes often  have two types  of  genes  for a  certain  hormone.

The  structures  of  two  different cDNAs  were  determined for

precursors of  salmon  gonadotropin-releasing hormones in
sockeye  salmon  (Ashihara et  al., 1995), and  for those of

melanin-concentrating  hormone  in chum  salmon  {Ono et at,,
1988). The  structures  of  two  cDNAs  were  analyzed  also  for

precursors of neurohypophysial  hormones,  vasotocin  and

isotocjn, in chum  salmon  (Heierhorst et al., 1 990; Hyodo  et

aL,  1991; Suzuki et aL, 1992). The  isolation and  sequence

analysis  of  chum  salmon  POMC-derived  peptides suggested

the presence of  two  POMC  genes in salmon  (Kawauchi, 1983),

ln fact two  different POMC  cDNAs  corresponding  to POMC-
A  and  

-B,
 which  are  not  highly homologous  each  other, were

evidenced  in rainbow  trout (Salbert et  at,, 1992).

  In the present study,  we  have  tried to isolate and
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characterize  two different cDNAs  for sockeye  salmon  POMCs,

since  it is important for understanding  ot neuroendocrine

mechanisms  of salmon  migration,  and  also  to initiate studies

on  the  regulation  of POMC  gene expression  in response  to

stressful stimuli during migratory  behavior. Actually we  could

obtain  two  types  of POMC  cDNAs,  Further, the result of

Southern blot analysis  demonstrated that genes which  encode

the two types of  POMCs  can  be found in the  same  individual

tish. Such  information would  be critical  in the  next  steps  of

molecular  study  to analyze  regulatory mechanisms  of POMC

gene expression  in salmonids,  as have  been  shown  in two
types  of genes encoding  salmon  gonadotropin-releasjng
hormone  precursors (Higa et al., 1995).

MATERIALS  AND  METHODS

H'sh

   lmmature  (2+) sockeye  salmon,  Oncorhynchus  nerka,  of both

sexes  were  obtained  from the Toya  Lake  Station for Environmental
Biology.Immediatelyafterdecapitation,brains,pituitaries,hearts,gills
and  kidneys were  taken out  and  frozen in liquid nitrogen,  and  were

stoFed  at -800C,

RALA and  DAtA preparation
   Tetal RNA  was  prepared from 300  $ockeye  saimon  pituitaries by

mea-s  ef guanidium  thiecyanatefhot phenol method  (Chirgwin et  aL,

1979),  For construction  of  cDNA  iibrary, poly{A)' RNA  was  purified
trom 1 mg  ot  total pituitary RNA  with  Oligotex-dT30 (Japan Synthetic
RubberlNippon  Roche)  accord+ng  te the supplier's  instruction. For
Nerthern blot analyses,  poly{A)' RNA  wa$  further prepared  from the

brains and  single  heart, gill and  kidney of sockeye  salmon,

   For Southern blot analysis  to confirm  the approximate  number  of

POMC  genes, genomic DNA  was  extracted  trom  the liver of single

sockeye  salmon,

Construction ofcDNA  libraty

   Five micrograms  ot poly(A)' RNA  from sockeye  saFmon  pituitaries
wasusedtordouble-strand ¢ DNA$ynthesis.Thedouble-strandcDNA

was  synthesized  by the method  ot Gubler and  Hotiman (1983) using

a cDNA  synthesis  kit (Pharmacia). An EcoRIINofi adapter  was  ligated
to both 5' and  3' ends,  and  the cDNAs  were  fractionated by gel filtration

on  a  Spun  column  (Pharmacia) and  ligated into the EcoR1 slte ef AZAPIl

vector  (Stratagene). The  resulting  mixture  was  packaged into

bacteriophage head using  a  commercial  extract  (Gigapack Gold,

Stratagene). A  eibrary of  approximately  3 x  1OS cDNA  clones  was

obtained.RT-PCROiigonucteotide

 primers/  The  eligonucleotides  for the PCR

amplification  were  synthesized  upon  consideration  of  nucleotide

sequences  of rainbow  trout  and  chum  salmon  POMC  cDNAs  (Salbert
et  aL  1992; Kitahara et al., 1988), The  MSH  primer (5LTAC TCC
ATG  GAG  CAC  TCC  CGC  TGG-3')  corresponds  to the sequence  tor

the a-MSH(2-9>  in rainbow  trout POMC-A,  and  the El primer {5LCAT
GAA  GCC  ACC  GTA  GCG  CTllr-3') to that for the B-endorphin(1-5)
region  with  dibasic cleavage  site also  in rainbow  trout POMC-A,  These

sequences  are  highly homoiogous  among  many  vertebrate  species

hitherto examined.  The  E2  primer (5LGGA nG  C"  GGT  ATA  TGG
Crr CAT-3') follows the sequence  corresponding  to the P-endorphin
(5-12) region  in the chum  salmon  POMC  which  is homologous  to that

in rainbow  trout POMC-B.  This primer is specttic  to chum  satmen

POMC  and  rainbow  trout POMC-B.

Potymerase  chain  reaction  {PCR)/ The  first-strand cDNA  was

synthesized  from 5 pg of the total RNA  of  sockeye  salmon  pituitaries
usingacDNAsynthesiskit(LlFESCIENCES,1NC.).ThePCRreaction

mixture  contained 1 pl ot cDNA  sotution (1/25 vol.}  described above,
5 pl of  reaction  buffer (1OO mM  Tris-HCI {pH 8.3>, 500 mM  KCI, 15

mM  MgCl2 and  O.Ol% (wlv) gelatin), 4 vl of dNTPs C2.5 mM),  2.5 p1 of
MSH  primer (4 pM), 2.5 yl of  El or E2 primer (4 uM), 1,25 units  ot

laq polymerase  (Takara) and  sterile distilled water  to 50 pl, everlaid

with  1OO  pl of mineral  oil, The PCR  was  carried  out  in 30 cycles.

Amplification conditions  consisted  ot  denaturation at  94'C for 1 min,

annealing  at  550C for 2 min,  and  extension  at 72'C  for2  min,  The

PCR  product was  electrophoresed  on  a  2,5%  NuSive  gel (FMC Co.)
and  purified by the phenol-chlorotorm extraction.

Sequence analysis  of  PCR  prod"cts

   The purified PCR  products  were  phosphorylated  in a  mixture

containing  50 mM  Tris-HCI {pH 9.5), 1O mM  MgCl,, 5 mM  DTUr, 5%

glycerol, 1 mM  ATP  and  1O units ot T, poiynucleotide kinase (Toyobo)
at 37'C  for 30  min  and  was  precipitated with  ethanol.  Afterward, the

phosphorylated  fragments  were  ligated into Smal-cut  pBluescript 11

vector  {Stratagene), and  the nucleotide  sequences  ef these clones

were  determined en  both strands  according  to the dideoxy  chain

termination method  (Sanger et  al., 1977)  using  a  SQ-5500  DNA

sequencer(Hitachi).

tsolation and  sequence  analysis  of  POMC-A  and  -B cDNA  clones

   The  amplified  library was  screened  using  plaque  hybridization

with  the PCR  products as  probes. The  probes  were  labeled with  a

Megaprime  DNA  labeUng  system  and  [a-Z2P]dCTP (Amersham), The

El and  E2 primers were  used  ter labeling ot probes. Hybridization
was  periormed in a  buffer containing  5 x SSPE  (1 x SSPE/  1 80 mM

NaCl, 1O mM  sodium  phosphate, 1 mM  EDTA),  5 x  Denhart's solution,

O.5% SDS  and  200 pglml denatured yeast tRNA  at  65=C overnight.

The  membranes  were  washed  twice in 2 x  SSPevO.1% SDS  at 65'C
for 1 hr and  O.1 x SSPEIO.1%  SDS  at 65"C for 30 min,  and  were

exposed  to Kodak  X-ray film.

   The  inserts from  positive cDNA  clones  were  subcloned  into

pBluescript 11 plasmid (Stratagene) by the in vivo  excision,  and  the
nucleotide  sequences  of these clones  were  determined on  both
strands  by  $equencjng  of restricted  partial sequences  and  deleted
mutants  of these clones.  Nucleotide and  amlno  acid  sequences  and

polypeptide hydropathy  profiles were  analyzed  using  a  genetic
information processing program  (GENETYX, Software  Development

Co, Ltd).Northern

 and  Southern  blot analyses

   The  poly(A)' RNAs  extracted  from the brains, pituitaries, $ingle

heart, gM, liver, and  kidney were  analyied  by Northern blot method.
They  were  electrophoresed in a 1%  agaroselformaldehyde  gel and
transferred to Hybond-N+  membrane  (Amarsham}. For Southern blot
analysis,  1O pg  ot DNA  digested with  a  restriction  enzyme,  EcoRI,
Hirrd1Il, or  Apal, was  electrophoresed  in a  O.8%  agaiose  gel and
transferred te Hybond-N+  membrane  (Amarsham). Hybddization was

carried  out  as  described above.  After washes  of membranes,  Northern

blots were  exposed  to Kodak X-ray film overnight.  Southern blots were
exposed  to Fuji imaging  plate for 3 hr, and  were  analyzed  by a bio-
imaging  analyzer  system,  Fujix Bas 2000  (Fuji Photo Film Co., Ltd).

RESULTS

Nucteotide sequences  of sockeye  salmon  POMC  cDNAs

   Two  types  of  PCR  products  encoding  POMC  were

amplified  from the  total RNA  of  sockeye  salmon  pituitaries,
The  partial sequences  of POMC-A  and  POMC-B

corresponding  to the rainbow  trout POMC  cDNAs  (Salbert et

aL, 1992) were  obtained  in the PCR  products using  El and
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Porf;-A -t51 Cr;AAACATncACACTrrTCeGACACACAGAcaGAC -119

   AACAGTGCAGACACTTAAGMGACAAATU}rccaAAGmmTAMerGGTTTGAGGAAAGAAGAenGAGA-GAmmAGkenGAumACAGGrwfi  -1
PC"ac-B -95TArrTG-rmATrCTGCmmICCTecAGmuGACAGGndncCTGwwocAGAAAGTaMAahSGrmAosmmT 

-!

r sp  - r
let beu Crs Prv Ma  Trp leu Len ala Val Ala Val Val Gly Val Vel Arg Gly Val Lifs Gly Gln Qr$ Trp Glu Asn Pro ATg Cys His 30

Arc CT(l TGr ceT ea] TGG crA TTG GCT GTG GCC Grc GT{l GGC Grc --- GTt AGA GGG Gra ma  Gcrr CAG TGC TGG GAS nc ocr CGC TVT CAT se

Arc Grc TGr GC]crX) TGG CTG TTX GCXi GTG GTG GTX] ffTI; Tor GTG Tsc MC{X]  GGG Grc GGG GGG eAG TGC TGG GAT AeC TtC Cnc Tnc AAA 93
*  Val i  AlaPro t # t  t t  Val i  i  Cys t  Cys Asti PTv t  *  GIr i *  I # Asp ber ber His i Lys 31

                             NPP
Asp leu ber ser Glu Asn ser Ile leu Glu Cys r]e Gln leu Cys Arg ser Asp leu Thr hr  Lys ser Pro Ile Phe Pro Val tifs Va] His 61

Gnc CTC AeC M  G-G AAC AeC Arc CTt} enG TGT Arc Cas orTC rcT CGT TCT GAC CTC A(X] ncC AAA TVr CCC Arc TTC crX] GTC AAG Grc daT 1ss

GAC CTC ecT Tza GkG GAC AAG ATA CI: enG TGC Aor] Cnc CTG TTC AGG Trrr GGG CTC Cne GAC GSA ms CCA --- --- --- -- -- 
--

 
---

 165
IiProIlAspLystiiiThrHislPheItGlytGlnAspGlulI  55

Lcu Gln Pre PTv TVr Pro ser Asp ber Pro Pro leu TVr Leu Pro Len bor leu Lou ser Prv ber ber Pro leu TYr Pro Gly Gln co

cTc cAA ax) cxx} T(x] ccc Ttc e-c ur  --- --- ccr cr cTc :Ac rm  err crG rcc cTx] cTc T{x; ecA T(: Tcc crx) orr} Tnc ecc GGG GAG ero

zzG cec AGA TtG eer G[ cAG eAG T(x) Acr GAG Gne AGc ct: Tcc cT{I GGc Alt cTt} TTt} GcA G[)crG Aoc Toc eG-rXIi-XillGc;cTG  Gsr 2ss

Glu Pro ix ser AlaAla Gln Gln # Thr Glu Glu ser i ber * Gly Ile Leu * Ala Ala leu Thr #  GlyLL!g-N!IAIa Leu Asp ee

Gln Gln Aen ber Val ser Pro Gln ala
CAG CAG nc  AGr am  Toc am  CAG GC

Ger GAC ocT as  am  ac  Aec GAC or
Ala Asp Piv Glu Pro His Ser Asp

Lys AigMG
 caTAAG

 AG-ts

a-MSH

ACTH

  ser TVr ber het Glu His Phe Arg 

  me  Tnc TCC ArG GAG CAC TTC Cec 

CAC T( TAC TCC ATG GAG CAC TTC CGC 

His#l*Iiiil  

knasam'120ssoms116

Glu leu Gly Thr Asp Asm Ala 149

GAG CTT} GeC ACC Gnc MC  e[X; 44T

CAG CT(} GOC AGC TGG enG GAC "1
Gln i  t  ber Tip Glu Asp 14T

het TVr Prv ser Leu Glu Ma  Gly TYr Ala Glu Gly Gly Glu Ma  Glu Gly TTr Glll G}y Val Phe ser le- Gln Glu                                                        Lys Lys
STG Tnc crX T!X; -- CrG --- GAG eorT GGG ACT --- orX} GSG GGG GGC GSG GCA GAG GGC AC}GAG  GGG Grc TTT AET CrT ctG GAG                                                        AAG

GAG STG orleGA  ecT CT(} GGG AAC CAG GGG G[:; AAG ecT CAe ACC AAG erA GTt CCC AGA A(X aN  ACT GTtl ACG  GGG ex} CAA anT                                                        AAG

GIu het Val GIJ Ma  #  G}y Asn Gln i  Ala Lys i  Gln Thr Lys Val Val Prv Arg t  Leu lbr i Thr Gly i t  tsp                                                        Il

r  PTMSH
Afip Gly ber Tyr lys het Asu His Pbe ATg Trp ber Gl] Piv Pro Ala ser
GAC eeC TU nc  AAG ATt; AAC Cnc TTC OGC

enT GGG T[X] Tnc caG ATt; caT CAC TTC Cac
# ± tlArg*Glyt ± l

          P-endorphin
Gln Lys Pro Len be- Thr leu Pbe Lifs Asn Val Ile Ile Lors Asp Gly Gln Gln tys Glu Gln Stop
CAG AAA em  CTI CTC ncG CTX] TT: AAA MC  orC Arr Alt AAR axT GGA aAG CAG GAG Cne TtlA mmAGGMATnnnm

CAC AAG crX) CTG Arc ACG CTI} CTt AkG CAC Arc A[X] CTT ANG AAC enG eas Tne kGG AGG GCA alA GGA ACAAGGGasAGAGGGAAGGGAGGGGAGGGAT{l

His ± * i Ile # * ku  t  His lle Thr le- i Asn Glu i Step

ITss15sc178

TrpberGl]PivProAlaserLysArgTyrG!yGlyPbehetLifssertrpAspGluArgser
Tt}GAscGGArmocTGCCAGTAAGcaCTACGereGCTTCArcAAGAGCTGGaACGMCecAor
/::/:::::::::://::::::::::::=:::::/:･:

TGGGGCAGCceAA(:GCTArcAAGOGCTACAGTGGCTrCArcAAGocATATACCAAGCAAnc
tGlyber*Thr*]leIl*sertt*iProTYrThrLysGlni

ms6za62Tza9

mnemsrz6

GGkGGAkGAGMTGTCACTt}TmmmmrmrMTTTTtlTVr(;T(  rMArmmmma-poly(A)+  ev9

GeATGAGTGTAerAAAGAGGMAAGAmmAAGTerX]GTArnATVrormmAGGerAACACwwTEMrr-TAGCTcrGCAATArwwww  M9

ffruAACumMncATTTVAGmmTATGGnrmAAAASAGGAAAGAwwTorTrrGwwamCAACwnATAAGGCAAmmATTCS
AACAmmATTTNIAACTTATTTG:AGerAmmAIACATATCAGTGGGTAACTscCAAATTGGGAGGerAGmmrmAACMrcumAAmmA[  TecAAC

mmTACTt}TACACmmTA(XTt}TlmmumTXIAAMTncAGGAATtATeACATATTTTTTTTTrmmmxTGACAMMAGC
rrumTrmATAACmmTGerAMATAerGTGArmAMTaAAAGGGAMTTAGCATTX}CCCTAaSTrmGTMCcaTTTTGAmxMTTt)CAATTUATma
CTGTAGMTTtAMArmmmAwwrmAAATTGAAosAAGTACTTumcaTwwTACTtMATACTVrFrATAG-TGACAGAorGGG
GTAGGGAGTGGGTAmmrcATTTCAAATGGAArACTArmTTATTTTrATTGAGATAAATrGTACCATATTGTAAArcZATGmmAAACAGATmmTGGCAAG

CkAC-poly(A),

or3roo7lnt1345las915es17t7

Fig, 1, Nucleotide sequences  of cDNA$  encoding  sockeye  $almon  POMCs  {POMC-A and  
-B)

 and  deduced  amino  acid  sequences.  
Nucleotide$

  and  the amino  acid  residues  are  numbered,  beginning with  the first residues  in the coding  region.  Identical nucleotides  and  amino  acids  are

  indicated by colons  and  asterisks,  respectively.  Gaps  are  indicated by hyphens.  Boxes  show  the potential dibasic cleavage  site$. The

  underlined  sequence  in the 3'-nontranslated region  indicates the polyadenylation recognition  site. ACTH,  adrenocorticotropin: CLIP,

  corticotropin-like  intermediate lobe peptide: MSH, melanophore-stimulating  hormone:  NPP,  N-terminal peptide; SP, signal  peptide.
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POMC-A

123456

POMC-B

123456

1.2-kb

28s18s

v
-1.8

Fig, 2. Northern blot analysis  for sockeye  salmon  POMC-A  and  
-B

   mRNAs.  Four micrograms  ot poly(A)" RNA  from brain$ (lane 1),

   heart (lane 2), g"1 (lane 3), kidney (lane 4}, pituitaries {lane 5)
   and  liver (lane 6) were  electrophoresed  and  hybridized with  [a-
   

i2P]-labeled
 sockeye  salmon  POMC-A  and  

-B
 PCR  products as

   described  in the text. The  positions of the 18S  and  28S  rRNAs

   are  indicated between  the blots.

4.4 -
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123

4
   

,lg

   .of
   tt-t..

2.3 -  e
2.0 -

kbp

.-t

-hlk1･,

POMC-B
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geg
""

,,e1
 t"1'-!
 .. .tt

 
'"'!

 r･'

'

Fig. 3. Southern  blot analysis  of sockeye  salmon  POMC-A  and  -B

   genes in a  single  ti$h genome,  Ten  micrograms  DNA  from the

   liver was  digested separately  with  restriction enzymes  EboR1  (lane
   D, Hindlll (lane 2) or  Apal  {lane 3), electrophoresed  and

   hybridized as  described in the text. Prebes used  fer hybridization

   are  $hown  above  the lane numbers.  Positions of size  markers

   were  obtained  by use  of Hindlll and  EcoRl  double-digests ot

   lambda DNA.

E2  primers, respectiveiy.  By screening  of approximately  5 x

1OS transformants,  1 for POMC-A  and  2 for POMC-B  positive
clones  were  obtained  using  PCR  products as  probes. The
sockeye  salmon  {ss) POMC-A  cDNA  has a  length of  1072
bps and  the deduced amino  acid  sequence  ls composed  of

230 residues,  whereas  the  ssPOMC-B  has  a length  of  1709

bps and  the  deduced  amino  acid  sequence  contains  226
residues  (Fig. 1),

   The homology  of  nucleotide  sequences  between  cDNAs

encoding  ssPOMC-A  and  
-B

 is 59%  in the entire coding  region.

The overall  homology  of the deduced amino  acid  sequences

between ssPOMC-A  and  -B is 43%,  However, hormone  coding

regions,  particularly a-MSH  coding  region, which  shows  91%
homology, are  well  conserved  not  only  in salmonids,  but also
in all classes  of vertebrates,  The  same  types  of  POMCs  are

highlyhomologousbetweensockeyesalmonandrainbowtrout

(89% in POMC-A  and  92%  in POMC-B).

Northem  and  Southern blot anatyses

   Tissue-specMc expression  of  POMC-A  and  
-B

 genes  was

investigated by the Northern blot analysis  (Fig. 2). The  POMC-
A  and  

-B
 probes hybridized only with  poly<A)' RNA  obtained

from the pituitaries, The lengths of POMC-A  and  -B mRNAs
were  approximately  1,2 kb and  1.8 kb, respectively.

   Genomic  DNA  obtained  from a  $ingle  sockeye  salmon

was  digested with Eic)oRl, HirxiM, or Apai and  was  hybridized
with [a-32P] labeled POMC-A  and  

-B
 PCR  products as  probes,

The difference in eiectrophoresed  patterns among  hybridized
fragments indicates that an  individual salmon  probably has
single copies  of genes encoding  each  of  POMC-A  and  

-B
 {Fig.

3}.

Comparison  of  the deduced  amino  acid  sequences  among

ssPOMCs  and  other  vertebrate  POMCs.

   As  was  reported  on  the rainbow  trout and  the chum

salmon  POMCs,  the lack of  v-MSH  sequence  in ssPOMCs
was  confirmed  by alignment  of  the deduced amino  acid

sequences  with  other  vertebrate  POMCs  (Fig. 4). Weli
conserved  regions  were  found in the  amino  terminal of NPP,
ACTH,  S-MSH and  S-endorphin domains. Particularly, or-MSH

is highiy conserved  over  several  ve  rtebrate classes.  ssPOMC-

A is more  similar to other  vertebrate  POMCs  than  POMC-B.
ssPOMC-B  contain$  a  potential dibasic  cleavage  site  in the
NPP  domain. The  amino  terminal  portion of B-endorphin
corresponding  to Met-enkephalin is YSGFM  in ssPOMC-B.
This sequence  is different from typical  Met-enkephalin,

YGGFM,  found in many  other  ve  rtebrates,

   The  hydropathy profiles of the N-terminal peptide <NPP>
ot ssPOMCs  were  compared  with  those  of rainbow  trout,
bovjne and  Xenopus  POMCs  (Fig. 5). 1n spite  of  low homology

of their deduced amino  acid sequences,  the overall  hyd ropathy

profiles showed  similar  patterns (data not shown).  lnterestingly,
the hydropathy profiles of  the  amino  terminai of NPP  showed

almost  the same  pattern among  these POMCs, Six amino  acid

residues  in the amino  terminal  of  NPP,  Cysa, Cys20, Aspio,
Leuii, Glui4, LeuiB are  considered  to be necessary  for

processing and  sorting  of POMC  molecules  (Cool etal.,  1 995).
These  amino  acid  residues  were  also  conserved  in the same

positions in the NPP  of  sockeye  salmon  POMCs.
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Sockeye A

Trout ASockeye
 B

Trout BChumXenopusBovineRat

Two  cDNAs  for Sadmen  POMC

-  signalpeptide  - .

             MLCPAWLLAVAVVGV  VRGVKGQCWENPRCHDLSSENSILECIQLCRS
              ･･･--･･-･-････ ･････････--･-･･････NL･････････

              ･V･AP･････V-･C-CNP･-G････DSSH･K･･P･･DK-･･-TH･F･･

MFGTFLQNQSVRLN･V･AP･･-･･V･-C･CNP･･E････DSSH･K･･P･･DK･････H･F･･
              ･V･AP･････V･-C-CNP-･G････DSSH･K･･P･･DK･-･-TH･F･･

         MFRPLWG･FLAI-GICIFHI G E･QS-･･-SS･･A･････DGV････KA･KT
        MPRLCSSRSGA･･LALLLQA SME･R･W･L･SSQ･Q･･TT･SNL-A-･RA･KP
        MPRFCYSRSGA･-LALLLQT  SID･WSW･L-SSQ･Q･･TT･SNL･A･･RA･･L
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Fig.
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 B
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 B
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         Trout A
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         Trout B
         Chum

         Xenopus
         Bovine
         Rat

4. Alignmentoftheamino

indicate re$idues  identical
dibasiccleavagesitesare

cDNA  sequences  which

Xenopus,  Nakanishi et aL

     DLTTKSPIFPVKVHLQPPYP SDSPPLY
      -･--･--･･-･･S･S  D･-････-
     G･QDE･･ E･RSAAQ･ ･TEES･S

     G･QDE･･ E･RSAAQ-  
･TEES･S

     G･QDE･･ E･RSAAQ- -
v-MSH-  

･TEES･S

      :ift:+i\:::gx:I?:iixlu:g:[:::K,[:ec-･:gggll:eg:xfiIk,[!eAigevFs
      ･･SAET･V･･GNGDE･･LTENPtwYVMGHFRWDRFGPRNSSSAG GSAQg'R'AEEETAGG

                               -  ACTH
              ･
                              ea-MSH-  -CLIP

iiiliil･iiiiiiii･ii･i･,ii･Iiig:ill.illiipll,7iiiilillill/,,,n,iii.i.iiiiiiii?.iiiiliiias11ieriima,iiiiiiliiiiliil,i･11il,l･li･iiiilllliili
    -

    -  -6-MSH-

     FPSENEXIigELGTD NAMYPSLEAGTAEGGEA[GTEGVFSLQE  twDGS YKMNHFRW

     ...･･eet･･- D･v･･･-････-･･･････M････-･-  ll'S.'i･"'''"''''
    T･･LQesQ･-S  WE･E･VGA･GNQG･KAQTKVVPRTL TVTGLQDi,t:.･･･ ･R･G････

    T:I8ssgl9i :::EiU:ilig:g:l:,AQ,T:U\;:N\gG,tsgDtkll,elll Iil:i[ii
     Y･M･LX.li'･-SLE LDY･EIDLDE DIE DNEVKSALT]..l･l･NGN ･R･H････

     ･･L･F.ME'i'･･TGERLEQ･RG･EAQ･ES･AARAELEYGL･AEAEAEAAE l,"""' -SGP･･･E････

     ･･L･Fge.i. -EGEQ ･DG  LEQVLEPDF ･ ･･PP･RVE････

   -  .  S-endorphin -

    SGPPASssYGGFMKSWDERSQKPLLTLFKNVIIKDGQeq.g..EQ

    ･････-ma･-･･-･･････････････-･･････････l-.t,.･･WGREEGEEKRALGEexYHFQG

    GS-T･Iww･S････PYTKQ-H･･･I･･L･HITL･NE･

    GS･T･Iec････-･PYTQQ･H･･･I･･L･H･TL-NE･
             ･･-･･PYTKQ･H･･･I･･L･HITL･NE･    GS･T･         Ime-
    GS･･KDpa.･-･･-TP ････T･･M-･-･-A･t･NSHKIIGQ

    GS･･KD#-････T･ ･K･･T･･V･-･･･A･･･NAH{..../////GQ

                     ･K･･T･･V･････A･-NNAHK-'S.GQ    GN･･KDge･････T･

 acids  sequences  of  POMCs  from sockeye  satmon,  rainbow  trout, chum  salmon,  Xenopus,  bovine

 to that ot sockeye  salmon  POMC-A  sequence.  Gaps  have  been  introduced to maximiie  homology.

shaded.  An  arrow  indicates the sockeye  $almon  POMC-B  specific  cleavage  site, All sequences  are

are  taken  from Salberts et al. (1992) fortrout, Kitahara et at. (1988) tor chum  $almon,  Martens et

 (1 979) for bovine, and  Drouin and  Goodman  (1980) tor rat.

and  rat.  Dots

The  potential
deduced  from
at. {1985} for
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o-t=aoLv=>
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80100

Fig, 5. Hydropathy protiles tor the amino  terminal regien  of  POMC  of sockeye  salmon,  rainbow  trout, Xenopus  and  bovine according  to  Hopp

   and  Woods  (198t). Atl protiles were  drawn from deduced amino  acid  $equences  described in Fig, 4. Numbers  betow  the figures indicate the

   positions of amino  acid  residues  referring  the first residue  of  NPP  a$  i. The  potential dibasic cieavage  $ites  are  shaded,  A  solid  triangle

   indicates the sockeye  salmon  POMC-B  specific  cleavage  site. Circles, cysteine  residues  (Cy$a and  Cys20}; squares,  acidic  amino  acid

   residues  (Asp"O and  Glu'`): triangles, hydrophobic amino  acid  residues  (Leu"" and  Leuia). Note  that the positions of these amino  acid

   residues  are  coincident  in the amino  terminal of NPPs.

DISCUSSION

   Two  types ot POMC  cDNAs  were  obtained  from the

pituitary of sockeye  salmon,  and  the deduced  precursors were
reterred  to as  POMC-A  and  

-B
 toMowing  the previous report

on  rainbow  trout (Salbert et  aL,  1992). Southern and  Northern
blot analyses  confirmed  the presence and  expression  of  two

different POMC  genes in the sockeye  salmon.  As  has been

discussed in the introduction, salmonid  fishes frequently have

two genes for a certain  hormone,  probably because  of

tetraploidization which  is considered  to occur  about  1 OO million

years ago  in salmonid  (see Urano et  aL,  1992). The  isolation

and  sequence  anaiysis  of POMC-derived  peptides suggested

the presence of two POMC  genes jn chum  salmon  (Kawauchi,
1 983). However, only POMC-B  cDNA  was  obtained  from chum
salmon  pituitaries (Kitahara et  al,, 1988). This discrepancy

may  be accounted  for by the fact that the  oljgonucleotide  probe
used  for screening  of POMC  cDNA  in chum  salmon  was  unique

to a  portion of POMC-B-derived  B-endorphin. Since the

sequence  of this probe has  low homology  with  the

corresponding  po nion of POMC-A  cDNA,  Kitahara et al, (1 988)
might  fail to detect POMC-A  cDNA  in chum  salmon,  Recently,

the presence of two types of POMC  mRNAs  has been shown

by Northern blot analysis  of  chum  safimon  pituitary mRNA

which  has actually  detected two  mRNAs,  one  for POMC-A
and  the other  for POMC-B  (Hiraoka et aL, 1 995). We  now

convince  that salmonid  fishes have two types of POMC  genes,
as  have  been  reported  for other  hormones (see Urano  et aL,

1994), although  the levels of  expression  ot  two  genes  remained

to be determined.

   Comparison  of  the  nucleotide  sequences  between  the
ssPOMC-A  and  

-B
 cDNAs  showed  that the hormone  coding

regions  are  highly conserved,  whereas  other  regions,  such

as  5' and  3' non-coding  reglons  and  the  internal sequence
between  ACTH  and  S-MSH coding  regions, are considerably

diverged. This coincidence  in the structure of cDNAs  suggests

that two  types  of  salmon  POMC  genes were  derived from a

single  ancestral  POMC  gene  by duplication. Since overall
nucleotide  homology  between POMC-A  and  

-B
 cDNAs  is 59%,

which  is similar to those for salmon  vasotocin  and  isotocin
cDNAs  (Suzuki et aL, t992), we  assume  that the djvergence
of  ancestrai  POMC  gene  occurred  at the occasion  of salmonid

tetraploidization, as  well  as  vasotocin  and  isotocin genes,
   S-endorphins have the common  amino  acid  sequence  to

other  opioid peptides, YGGFM  (or L), in tirst five amino  acid

residues  and  this sequence  shows  the activity as  endogenous

opiates  (Goldstein, 1976).  This sequence  is highly conserved
in almost  all vertebrates.  The  lamprey, which  is a member  of
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the oldest extant  class  of vertebrates,  has proopiomeianotropin
(POM) and  proopioco rtin (POC), whose  amino  acid sequences

were  recently  deduced  from the cDNA  sequences  (Takahashi
et  al., 1995). The  amino  acid  sequences  of POM  and  POC

showed  that the YGGFM  sequence  was  also  conserved  in

the jawless fish P-endorphins. However,  the B-endorphin
domain  of ssPOMC-B  cDNA  includes the different sequence,

YSGFM,  suggesting  that the  S-endorphin homologue  derived

from ssPOMC-B  no  longer has any  opioid  activity, but has
different physiological function.

   The first 26 amino  acid  residues  of  NPP,  which  contain  4

cysteine  residues,  are highly conserved  in all vertebrate

classes, and  have  been experimentally  shown  to form a hairpin

loop which  is stabilized by two  disulfide bridges, Particularly,

the NPP  Cyse to Cys20 domain and  4 hydrophobic and  acidic

amino  acid  residues  (AspiO-Leu"'-GIu""-LeuiB) in this structure

are  necessary  for soning  and  transport of  POMC  molecules

through a regulated  secretory  pathway  (Cool et al., 1995). In

the sockeye  salmon  POMCs,  these 6 amino  acid  residues

are  well  conserved  in NPP.  The  same  amphipathic  pattern in

this region  was  further shown  by comparison  of  the hydropathy

profiles of  POMCs  in several  other  vertebrates,  These  results

indicate that sim"ar  processing and  sortjng mechanisms  of

POMCs  are highly conserved  in vertebrates, and  also  suggest

that secretion  of  both POMC-A  and  -B are  similarly regulated

in the salmon  pituitary.
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